Abstract
INTRODUCTION
M easurement of the sharp, refractive power of the cornea are very important for refractive surgery design [1] [2] [3] and anterior segment diseases assessment [3] . Keratometry measures the corneal curvature and determines the corneal power and corneal astigmatism as well. A primary form of the keratometer was invented approximately 250 years ago [4] . Currently, a number of instruments are available for assessing corneal curvature, including Scheimpflug topography, optical low-coherence reflectometry, partial coherence interferometry and slit-scanning topography/pachymetry systems [5] [6] [7] [8] [9] . VX120 is a multi-diagnostic platform that commercially available recently, and has been shown to provide intersession consistent measurements of refraction and ocular aberrations [10] , corneal curvature, eccentricity and aberrometric measurements [11] in health eyes. Given the optical principles behind the VX120 and Pentacam are same, the aim of the present study was to evaluate the agreement of the corneal curvature measurements and anterior chamber depth (ACD) obtained with the VX120 and another Scheimpflug-based topographic device-Pentacam. 
SUBJECTS AND METHODS Ethical Approval

VX120 System
The VX120 system is a multi-diagnostic platform that combines a Hartmann-Schack aberrometer, a Placido disk corneal topographer, a Scheimpflug imagingbased system and an air tonometer. The Hartmann-Shack aberrometer of the VX120 system measures 1500 points in 0.2s in an area ranging from 2.0 to 7.0 mm of diameter. The Scheimpflug imaging-based system uses monochromatic blue light of 455 nm to obtain pachymetric measurements with a resolution of ±1 μm, and iridocorneal angle measurements with a resolution of ±1°. The Placido disk system projects 24 rings on the corneal surface, measuring more than 100 000 points. The combination in one device of all these technologies allows obtaining tangential and axial curvature data of the anterior corneal surface, a biometric estimation of various anterior segment structures, measurement of corneal, internal and ocular wavefront aberrations, visual quality simulations, corneal pachymetry maps, and IOP measurements [10] . Statistical Analysis Mean and standardized deviation, as well as median and interquartile, was used to make statistical description for continuous variables according to the normality test results. Frequency and proportions were used for statistical description of categorical variables. Pearson correlation coefficients were used to evaluate the correlation of different measurements done by Pentacam and VX120. The ICC was performed to assess the consistency of different measurements done by Pentacam and VX120. Clustered signed rank test was used to make comparison between different measurements, besides, due to that both eyes were included, a Rosner-GlynnLee method was applied to make correction for the clustered data. The significance level was set to be 0.05. The analysis was done using an open source R program (version 3.5.3). RESULTS A total of 70 subjects (140 eyes) was included in this study, and subjects' average age was 29.69±7.32 years old, with male accounting for 30%. The median distant visual acuity of subjects was 0.08 (0.05, 0.15), the median near visual acuity was 1.00 (1.00, 1.00). Correlation analysis of corneal surface curvature between Pentacam and VX120 was done (Table 1) . Results showed that all corneal surface curvature parameters measured by Pentacam and VX120 were statistically correlated (P<0.001).
Comparison on measurement of anterior and posterior corneal surface curvature parameters between Pentacam and VX120 was further done ( We furtherly assessed the consistency of corneal surface curvature parameters between Pentacam and VX120 using Bland-Altman plot, as shown in Figure 1 . Results showed that in spite of the low differences (biases) between values, the 95%CI limits were fairly wide, with many data points outside the 95%CI, indicating of low consistency of corneal surface curvature parameters measured by Pentacam and VX120. DISCUSSION Corneal curvature measurement is essential to advances in refractive surgery and related fields. Successful outcomes require accurate & reliable data from the topography examination, inaccurate or unreliable data from the topography examination will lead to an inaccurate treatment. Over the past few years, several instruments to image the anterior segment of the eye have been developed and made commercially available. Among the new technologies, optical coherence tomography, slit-scanning tomography and rotating Scheimpflug tomography currently play a major role [12] . We used to calculate corneal power using the anterior surface curvature multiplied by an index of refraction which assumes a fixed relationship between the anterior and posterior curvatures [13] . However, some studies indicated the inaccuracy in the default index of refraction and the corneal power is due to the non-persistent between anterior and posterior surface [14] . Scheimpflug-Placido based corneal tomographers are able to reconstruct three-dimensional images of the anterior segment and evaluate the whole cornea by obtaining information from both anterior and posterior corneal surfaces. Recently, multifunctional diagnosis platform has become popular because they provide a "total workstation" concept. The validity of an instrument or procedure is generally expressed in terms of repeatability and agreement with another or with a standard reference [15] . Repeatability refers to the variation in measurements obtained by the same observer under same conditions over a short period of time. Agreement quantifies the similarity between any two measurements using different methods on the same subject. The limits of agreement, described by Bland and Altman [16] , are defined as the mean difference ±1.96 D of differences. As mentioned before, VX120 has been demonstrated to have very good repeatability [10] [11] .
In this study, we undertook an initial evaluation of the VX120 Corneal Analysis System by comparing it to the Pentacam, which is the currently accepted standard for measuring the ocular anterior segment. The purpose of our study is to see whether the agreement between these devices is good enough so that the readings can be used interchangeably.
Oculus' Pentacam combines a rotating Scheimpflug camera with a static camera to acquire multiple photographs of the anterior eye segment. The Scheimpflug camera rotates along with a monochromatic slit-light source around the optical axis to obtain the slit images. This rotating system performs a corneal scan from zero to 180° and each one of the photographs is an image of the cornea at a specific angle [17] .
The static camera is placed in the centre to detect the pupil's contours and control fixation. Currently, there are some other commercially available instruments that are based on Scheimpflug imaging, such as the Galiei (Ziemer Ophthalmic Systems AG) the precision (Ligi Tecnologie Medicali) and the Sirius (CSO Ophthalmic).
Although some scientific evidences confirming the consistency of the corneal measurements provided by different commercially available multi-diagnostic devices based on Scheimpflug imaging including Pentacam [18] [19] [20] [21] . A Meta-analysis of agreement of various ophthalmic devices showed significant differences in mean posterior keratometry between Pentacam and Sirius. Significant difference in steep posterior keratometry was also noted between Pentacam and Galiei, only equivalent to Gailei for selected anterior and posterior keratometries (anterior steep keratometry, posterior: mean, steep and flat simulated keratometry) [22] . The results of this study showed that the mean curvature in the horizontal and vertical meridians differed significantly when measured by VX120 and Pentacam. VX120 providing a slightly steeper mean radius of curvature than the Pentacam. The same result was presented by L80, the predecessor of the VX120 [23] . Anterior chamber depth is becoming a hot topic and plays an important role in correcting the refractive error after cataract surgery [24] . There is statistically significant difference on ACD measurement between VX120 and Pentacam. The value of VX120 is lower than Pentacam. This result seems conflict with the corneal curvature measurement. Based on current result, we deduce that the corneal surface curvature and ACD measured by Pentacam and VX120 are different, using data measured by Pentacam to replace that measured by VX120 is not suggested. Mixing data measured by Pentacam and VX120 together is not suggested either. An offset incorporated into the instrument could mitigate the difference between the two instruments and make them interchangeable. According to our knowledge, this is the first study to evaluate the agreement between VX120 and Pentacam, although the same mechanism the device based on. The data from our study showed they cannot use interchangeable. Just list the current Meta-analysis [25] showed, the agreement between the Scheimpflug imaging-based instruments is not satisfied, the measurement cannot be used interchangeably.
There are several shortages of our study: separate technician responsible for the different device, each measurement conducted only once due to the time constraints. We look forward to future studies that directly compare the performances of these devices.
